
LLA

SPECIAL PUBLICATION ARCSL-SP-80007

PROPOSED METHODOLOGY FOR MULTIPLE FRAGMENT WOUND
ASSESSMENT USING THE ARRADCOM COMPUTER MAN

by

William J. Sacco
Victor R. Clare

Jules M. Merkler

Research Division

Ap,'il 1980

DTIC
SELEC T E0

MAY 2 3 1990

4 llN• ,• US ARMY ARMAMENT Rf.EEARCH AND DEVELOPMENT COMMAND
chae.,-- Srawm Laborawry

Aboftep huvkn Growud, Mrt,,lmd 21010

Awix f .. 0ubil rq& lemblwn u5 2 0 39.

, _..... ...,[Juf... 'mmllm~ll l • 'q!IIl•I•IIII~q,_ " .. .m m uu•m0 3 9lll ma~l .•



Diwlaimer

The findinp in this report are not to be construed as an official Devartmen the

Army position unles so. designated by othar authori?.ei 4ocurntvts.

Detroy this report when it is no longer needed. Da not return it to the originator.

- . .



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE Mho". Vote ifft(W01

REPORT DOCMAENTATION PAGE _ ___ BKFORP OPEIGFR
- W;f'oRr NUM41'R - 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ARCSL-SP-80007 
____________

14. TITLE (and Subtitle) S. TYPE OF RX'POM s*& PERIOD COVFERE

Special Publication
PROPOSED METHODOLOGY FGR MULTIPLE June 1978-J-one 1979
FRAGMENT WOUND ASSESSMENT USING THE 4, PERFORMING ORG., REPORT N IMMER

ARRADCOM COMPUTER MAN_ _ _ _

7. -AUTHORWa) 8. CON'."MALT. OR ORAN T -N-U-MUE1(&)

William J. Sacco, Ph.D.

V ictor R. Ci~re ______________________________________________
Jule~s M. Merkler4

N. PERFORMING OIRGAI4IZAT;QN NAME AND ADOM)E66 1 0. PROGR-AM ELEAGENT, PROJECT, TASK
AREA & WORK UNIT NUMPERS

Commaxider/Djrector, Chem~ical Systems Laboratoiy 162622A5S4, Technical Area 6ATTN: DRDAR-CLB-B
Abtrdeen Proving Grud Maryland -210 10 4iL]62618AH8O

It. CONITROELLING OFFICE NA&IfE AND7 AOD01ES& 12. V.SPORT DATE

Cummander/Director, Chemical Systems Laboratory jApril 1980
ATTN: (RA-L- 3 NUMBER OF PAGES
Aberdeen Proving ro~nd, to' ~L2L.
4.MNITORING AGENCY MAWR & AOOR8SE(lf dIll.,., from Conkgofftgk O*file*) 1 5. SXCURITY CLASS. (of this report)

UNCLASSIFIED
-TOO. 01CI ASSIFICATION/D10tfNORAOING

SCM OUL
____ ___ ____ ___ ____ ___ ___ NA

1S. VISTMWUU C STATIEMEN- (of thise neorat)

Appioved for puhlir release; distribution unlimited.

17. 01SThIBUTIO11 STATEMENT (o( the abstioni entered io Block20 It different ferom fte~H)

QS. SUPPLEMENTARY NOTES

III. KEY WORDS (Continue en wovrwee olde f necessay aid Identify. by block nusber)

Muftiple fragment wound assessment
Biomechanical degriidat~un
Limb dysfunction
Incapacitation probabilities _____________________

X& A1116ACT' (Chw1e0 -0 r woeet N aneoM 41M .. J,-i Sa nWr)

This report describes a propwed methodology for multiple fragment wound assess-
ment using the ARRADCOM Computer Man.

CLAm-nCAoo or IMP savn ism Do'effpRes

DD I its"uswo'w~ Sa w-t UNCLASSIFIED
-9(-- -r _ _ _ _ _ _INO T I AS 1111 R* ms t

I',- ____ _____ __'7



PREFACE

The work described in this report was authorized under Project 11L162622A554,
Chemical Munitions and Chemical Combat Support, Task Area 6, Bioresponse to Trauma, and
Project ILl62618AH80, Ballistics Technology, Multiple Wounding Task. This work was started
in June 1978 and completed in June 1979.

Reproduction of this document in whole or in part is prohibited except with per-
mission of the Commander/Director, Chemical Systems Laboratory, ATTN: DRDAR-CLJ-R,
Aberdeen Proving Ground, Maryland 21010. However, the Defense Technical Information
Center and the National Technical Informati-n Service are authorized to reproduce the docu-
ment for United States Government purposes.
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PROPOSED METHODOLOGY FOR MULTIPLE FRAGMENT WOUND
ASSESSMENT USING THE ARRADCOM COMPUTER MAN

I. INTRODUCTION.

Recently Biophysics Branch personnel completed the MIMIC phase of the ARRAD-
COM Computer Man which permits computer determination of the incapacitation level of an
infantry soldier due to a single fragment wound.

In the last year, Biophysics Branch has received many inquiries regarding the possi-
bility of using the Computer Man tc assess wounds resulting from multiple fragments. This brief
report describing a proposed methodology for assessing such wounds is being circulated to receive
comments from users with current requirements for multiple wound assessments; to acquaint
potential users with the basic capabilities; and to precipitate discussions for adapting the method-
ology to newly defined requirements.

II. PROPOSED METHODOLOGY FOR MULTIPLE FRAGMENT WOUND ASSESSMEINT
USING THE COMPUTER MAN.

Current incapacitation estimates, P(I H), are reported for six body components:
head and neck, thorax, abdomen, pelvis, upper extremities, and lower extremities. Total body
P(I 1H), which involves appropriate summing of these six component values, has also been a
required value.

All of these P(I IH) values are based on limb dysfunction, which is graded into three
categories: no dysfunction (always 0% incapacitation), loss of fine coordination, or loss of coarse
(complete) coordination. The percent incapacitation associated with partial or complete loss of
function depends on the tactical role and time after injury; that is, the present incapacitation
varies according to scenario (required biomechanics).

We are proposing to extend the computer man methodology to provide biomechani-
cal depradation outputs explicitly and to account for multiple wounds from either a single frag-
ment ur several fragments.

Biomechanical degradation is characterized by the degree of lmb dysfunction, which
depends on the locati-n and size of the wound. Currently, functional groups are used to specify
the degree of limb dysfunction (none, loss of fine coordination, total dysfunction) of the arms
and legs. (We are in the process of refining the definition of loss of fine coordination based on
a review of the previous assessment methodology and discussions with our medical consultants.)

The functional groups developed in a computer man projection depend on the frag-
ment mass, density, shape, and velocity, and on the time after wounding, but they are not depend-
ent on the role of the soldier. Therefore, our intention is to produce in output which is a set
of ordered pairs

Fp =f J(Fi, pi) ; I =f 1,...,n[(1

where each Fi is a functional grcup and p; is the probability of occurrence of Fi. The vector

P f (PI' P2,...,Pn) (2)
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will be called a functional group vector. This vector, of course, also depends on the fragment
parameters, body part, and time after wounding but it is not dependent on the tactical role of the
soldier.

This methodology will include the ability to combine functional groups associated
with multiple wounds along a single wound tract and to distinguish dysfunctions to left and right
arms and leos (capabilities not available in the existing Computer Man methodology).

The outputs will be body part and total body functional group probability vectors
for a family of fragments.

To make a conversion for a particular tactical role, R, one must assign. an incapaci-
tation probability (or percent degradation), PR(I;Fi) to each Fi. The incapacitation probability
due to random hits on the body part is then computed as:

n

PR = l) PiPR(I;Fi) (3)

It is important to emphasize that, using this approach, one need not reproject frag-
ments for every new role, since the functional group probability vectors, which are the outputs
of the computer projection, are role independent.

To account for multiple wounds, we propose the following methodology: We need
to define a matrix (Fi * Fj)* which will reflect combined functional groups. The entry appear-
ing in the (ij) position of the matrix is the functional group Fk resulting from combining Fi and

FJ.

In the notation of equation 1, suppose the output for fragment 1 for body part A is:

Fr -- (Fl, rI) ... ,(Fn, rn)} (4)

and the output for fragment 2 for body part B is:

Fs - f(F 1 , S)I (Fn, Sn)) (5)

Then the result of combining fragments I and 2 is the output:

Fr F Es - J(F, tl) ,..., (Fn, tn)t (6)

where

tk = Eri sj
(7)

(0j) in D

* This task requires mome additional medical sus ents and is curently underway.
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anid
D = the set of all (ij) pairs so that (8)

Fi (1) Fj = Fk

To obtain the functional group vector P for the entire body, we first write ti (A,B) to emphasize

the explicit dependence of ti on body parts A and B. Then the components pi of P are given by:

Pi P(A,B) ti (A,B)
(A, B) (9)

0i=1 .. n)

where
P(A, B) = the joint probability of hitting body part

A with the first fragment and body part B (10)
with the second fragment.

The summation in equation 9 above is carried out over all body part pairs; that is, over AA, AB,
AC,..., BB, BC,..., and so on.

The procedure may be iterated to account for additional fragments. After all frag-
ments are accounted for and the final components pi of P have been deveinped, the resultant

incapacitation probability due to these multiple hits is then computed by equation 3 above.
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